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MARK AND RETURN EXIT 

COMMAND REGISTER LOGIC 

2-WD. LINES & IP (S-D aspect) 

2-WD. LINES (S-D examples) 

2-WD. LINES (spec. comm. aspect) 

SHIFT, NORM., MULT. - num. ex. 

DIVIDE ANALYSIS #1 

DIVIDE ANALYSIS #2 

DIVIDE block 

DIVIDE EXAMPLE - waveforms 

TYPEWRITER KEYBOARD 

TYPEWRITER CIRCUITS 

PHOTO- TAPE READER 

OC FLIP-FLOPS 

INPUT/OUTPUT CODES 

INPUT/OUTPUT CONNECTIONS 

INPUT block 

SLOW-IN timing ex. 

SLOW-OUT FORMATS 

TAPE PUNCH DRIVER 

SLOW-OUT block 

SLOW-OUT action 

SLOW-OUT tuning ex. - PUNCH 

SLOW-OUT timing ex. - TYPE 

POWER TURN-ON CKTS. 

NUMBER TRACK - loading ckts. 

POWER SUPPLIES 

M, R, and T KEYS 

MAG. TAPE WRITE block 

MAG. TAPE WRITE timing ex. 

RELAY CHASSIS - LOGIC SECTION 



"D-SIZED DETAILED PRINTS" (under separate cover): 
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(1) (2) 


3D287 


(3) (10 


3D283 


(5) (6) 


3D289 


(8) 


3D290 


(11) 


3D291 


(CG) 


3D292 


(cs) 


3D293 


(IG) 


3D29U 


(PG) 


3D295 


(TG) (AG) 


3D296 


(M) 


3D297 


(M) 


3D298 


(R) 


3D299 


(MT) 


3D300 




3D283 




3D282 




3D230 





INPUT-OUTPUT 1& 2 (OF' s OE, OD, OY, OG) 

INPUT-OUTPUT 3 & h (OB«s, OS, OA»s) 

INPUT-OUTPUT 5 & 6 (OC's) 

INPUT-OUTPUT 8 

INPUT-OUTPUT 11 & REGISTER MZ (M23, M19, OZ) 

CONTROL GATES 1 & 2 

CONTROL SWITCH 

INVERTING GATES & EARLY BUS 

PRODUCT GATES 

TIMING GATES &. ACCUMULATOR GATES 

MEMORY LINES 0, 1, 2, 3, k, 5 & 6 

MEMORY LINES 7 THROUGH 18 

REGISTERS M20, M21 & M22 

MAGNETIC TAPE CONTROL 

LOCATION DIAGRAM - PACKAGE 



Schematic 
Schematic 
Schematic 
Schematic 



CLOCK CHASSIS 

TYPEWRITER 

PHOTO TAPE READER 

POWER SUPPLY 
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SOURCE - DESTINATION TABLE 



s 

CODE 


SOURCE 


00 (OU) 

01 (OV) 

02 (OW) 

03 (ox) 


Line 

» 1 
n 2 

" 3 


OU (1U) 

05 (iv) 

06 (iw) 

07 (IX) 


" U 

" 5 

6 

it 7 


08 (2U) 

09 (2V) 

10 (2W) 

11 (2X) 


8 
•i 9 

" 10 
n 11 


12 (3U) 

13 (3V) 
Ik (3W) 
15 (3X) 


n !2 
ti 13 

« iu 
»' 15 


16 (UU) 

17 (UV) 

18 (UW) 
I 19 (UX) 


» 16 
n 17 

» 18 

» 19 (IN-OUT) 


20 (5U) 

21 (5v) 

22 (5*0 
123 (5X) 


" 20 (U uord) 
» 21 (U word) 
» 22 (U word) 
" 23 (U word, IN-OUT)" 


"2U (6U) 

25 (6V) 

26 (6W) 
I 27 (61) 


M3 Register 
ID Register 
PN Register 
20*21 ♦ 20*AR " 


28 (7U) 
" 29 (7V) $ 

30 (7W) 
. 31 (7X) 


AR 
♦ 20. (INPUT REGISTER) 
20«21 
20.21 



D 
CODE 


DESTINATION 


00 (OU) 

01 (OV) 

02 (OW) 

03 (OX) 


Line 
» 1 
it 2 
.. 3 


OU (iu) 

05 (iv) 

06 (IW) 

07 (IX) 


" U 
" 5 
» 6 
,t ? 


08 (2U) 

09 (2V) 

10 (2W) 

11 (2X) 


» 8 
ii 9 

» 10 
" 11 


12 (3U) 

13 (3V) 
IU (3W) 
15 (3X) 


" 12 
" 13 
» IU 
., 15 


16 (UU) 

17 (UV) 

18 (UW) 
.19 (UX) 


» 16 
„ 17 

» 18 

" 19 (IN-OUT) 


20 (5u) 

21 (5v) 

22 (5W) 
'23 (5X) 


" 20 (U word) 
" 21 (U word) 
" 22 (U word) 
" 23 (U word, IN-OUT)" 


'2U (6U) 

25 (6V) 

26 (6W) 
"21 (6X) 


MQ Register 

ID Register 

PN Register (PN C ) 

TEST (non-zero) 


28 (7U) 

29 (7V) 
.30 (7W) 
.31 (7X) 


AR (AR C ) 
Add to AR (AR + ) 
Add to PN (PN.J 


■■'SPECIAL DEST. #31»i W( 



MQ Register - MULTIPLIER-QUOTIENT Register (2 word) 
ID Register - MULTIPLICAND-DENOMINATOR Register (2 word) 
PN Register - PRODUCT-NUMERATOR Register (2 word) 
AR - ACCUMULATOR REGISTER (1 word) 

$ means auxiliary equipment is required for normal operation 
* can be used as source of ZEROS for clearing lines. 



-2- 



SPECIAL COMMANDS TABLE (DESTINATION - 31) 



s 

CODE 


CH 
CODE 


HEX. 
CODE 


SPECIAL COMMANDS (D CODE - 31) 


00 (OU) 

01 (OV) 

02 (OW) 

03 (OX) 


0,1,2,3* $ 

ft 


Olz 
03z* 
05» 
07z 


SET "READY' 1 
MAGNETIC TAPE WRITE 
FAST PUNCH LEADER, etc. 
FAST PUNCH M19, etc. 


► OUT 


► FAST 


0U (iu) 

05 (iv) 

06 (1W) 

07 (IX) 


0,1,2,3 $ 
0,1,2,3 $ 


092* 
Ovz* 
Oxz 

OZZ 


MAGNETIC TAPE SEARCH, REV. 
MAGNETIC TAPE SEARCH, FOR. 
PHOTO TAPE REVERSE (01) 
PHOTO TAPE REVERSE (02) 


► IN 

> 




08 (2U) 

09 (2V) 

10 (2W) 

11 (2X) 


$ 


llz 

132 
152 
172 


TYPE AR 1 & punch if toggle 
TYPE ML9J switch is set 
RJNGH Ml? 

CARD RJNCH M19 

J 


«■ OUT 


► SLOW 


12 (3U) 

13 (3V) 
Hi (3W) 
15 (3X) 


0,1,2,3 $ 


192 

lvz# 

1X2 

lzz 


TYPE IN 

MAGNETIC TAPE READ 
CARD READ, etc. 
PHOTO TAPE READ 


► IN 

- 





OC's 

tttt S 

0001 
0010 
0011 

0100 
0101 
0110 B 
0111 

1000 A 
10.01 
1010 
1011 

1100 Q 

1101 

1110 

1111 P 



16 (Uu) 






21z 


HALT 




17 (liV) 







23z 


RING BELL 


_ 


It 


1 




632 


RING BELL and <MAN. PUNCH> to TEST 


_ 


11 


2 


$ 


u3« 


RING wrc-T. and START INPUT REGISTER 




It 


3 


$ 


y3z 


RING BELL and STOP INPUT REGISTER 




18 (Uw) 




$ 


252 


TRANSFER M20»ID to OUTPUT REGISTER 




19 (Itf) 





$ 


272 


START DA-1, etc. 




n 


1 


$ 


672 


STOP DA-1, etc. 




20 (5U) 


0,1,2,3 




292* 


SELECT COMMAND LINE (CH 4 S/D)j RETURN 


EXIT 


21 (5v) 


0,1,2,3 




2vz* 


SELECT COMMAND LINE (CH 4 S/D); MARK 


EXIT 


22 (30 






2xz 


SIGN OF AR to TEST (Tl»AR-*-TEST) 


- 


23 (5X) 







2zz 


CLEAR MQ, ID, FN, and IP F.F. 




tt 


3 




yzz 


PN»M2 to ID, and PN»M2" to FN 




2U (6U) 






31z 


MULTIPLY (IDXMQ plus PN -*PN) 




25 (6V) 


1 




73z 


DIVIDE (PN-rlD— *MQ) 


It is 


26 (&t) 


0,1 




35z* 


SHIFT MQLLEFT and ID RIGHT"! Increment 
NORMALIZE MQ J AR If CH»0 


* Ml. 


27 (6X) 


0,1 




37z* 




28 (7U) 


a 




39z 


"READY" ^ 




N 


i 


$ 


79z 


"•READY IN" 






N 


2 


$ 


V92 


"READY CUT" 


r to TEST 




n 


3 


$ 


z9z 


DA-1 OFF 






29 (7V) 






3vz 


OVERFLOW J 




_ 


30 (7W) 


0,1,2,3 


$ 


3xz* 


MAGNETIC TAPE WRITE FILE CODE 


- 


31 (7X) 







3zz 


NEXT COMMAND from AR 


- 


ii 


1 




7zz 


TRANSFER NT to ML8 (CN or MlStf-^MlS) 





* means HEX. CODE FOR CH * only 

$ means auxiliary equipment is required for normal operation 

-3- 



DEC. 



HEX. 



BINARY 



o g h 


\0 H -3- C\J vo CO J- C\J H 

h Co nn 


i - o 

o q o 

H H H 


-O j V> | « (|| - o 
sO ^ CVJOJCVJCJCVJCViCM 


• • • 


• • 


••••••• 


• • 1 


• 1 


• ••••• l 


• • 2 


• 2 


• ••••10 


• • 3 


• 3 


•••••11 


• • U 


• k 


• •••100 


• • 5 


• 5 


• •••101 


• • 6 


• 6 


• •••110 


• • 7 


• 7 


••••111 


• • 8 


• 8 


• ••1000 


• • 9 


• 9 


• ••1001 


• 1 


• u 


• ••1010 


• 1 1 


• V 


• ••1011 


• 1 2 


• w 


• ••1100 


• 1 3. 


• X 


• ••1101 


• 1 U 


• y 


• ••1110 


• 1 § 


• z 


•••1111 


• 1 6 


1 < 


• •10000 


• 1 7 


1 1 


• •10001 


• 1 8 


1 2 


• •10010 


• 1 9 


1 3 


• •10011 


• 2 


U . 


• •10100 


• 2 1 


15 < 


• •10101 


• 2 2 


1 6 


• •10110 


• 2 3 


1 7 t 


• •10111 


• 2 h 


1 8 < 


• •11000 


• 2 5 


1 9 i 


• •11001 


• 2 6 


1 u ( 


• •11010 


• 2 7 


1 v < 


• •11011 


• 2 8 


1 W i 


• •11100 


• 29 


1 X < 


• •11101 


• 3 


iy < 


• •11110 


• 3 1 


1 z < 


••11111 


• 32 


2 i 


► 10 000 


• 33 


2 1 < 


I 1 1 


• 31* 


2 2 i 


• 10 10 


• 35 


2 3 < 


• 10 11 


• 36 


2 U < 


> 1 1 


• 3 7 


2 5 « 


► 10 10 1 


• 3 8 


2 6 < 


1 1 1 1 


• 39 


2 7 < 


> 1 1 1 1 


• U 


2 8 i 


1101000 


• h 1 


2 9 i 


► 10 10 1 


• 4 2 


2 u i 


► 10 10 10 


• U 3 


2 v i 


► 10 10 11 


• ii U 


2 w « 


► 10 110 


• U 5 


2 x « 


► 10 110 1 


• k 6 


2 y • 


(10 1110 


• U 7 


2 z i 


► 10 1111 


• k 8 


3 i 


110 


• U 9 


3 1 • 


110 1 


• 5 


3 2 • 


► 110 10 


• 5 l 


3 3 • 


110 11 


• 5 2 


3 k • 


110 10 


• 5 3 


3 5 • 


110 10 1 


• 54 


36 • 


110 110 


• 55 


3 7 • 


110 111 


• 56 


38 . 


1110 


• 5 7 


3 9 • 


1110 1 


• 58 


3 u • 


1110 10 


• $9 


3 v • 


1110 11 


• 60 


3 w • 


11110 


• 61 


3 x • 


11110 1 


• 62 


3y • 


111110 


.63 


3 z • 


1 1 1 1 1 r 



DEC. 



HEX. 



BINARY 



S <3 H 

H 


3 H 


^r^\Q0O^CMH 


n - o 


- O 


j> to + m nf - o 


sss 


S3 


OJ CVJ CSJ OJ CSJ CM C\J 


• 6h 


U o 


10 


• 6 5 


4 l 


10 1 


• 66 


U 2 


10 10 


• 6 7 


U 3 


10 11 


• 6 8 


4 h 


10 10 


• 6 9 


k 5 


10 10 1 


• 7 


I 6 


10 110 


• 7 1 


h 7 


10 111 


• 7 2 


U 8 


10 10 


• 7 3 


ii 9 


10 10 1 


• 7 ii 


ii u 


10 10 10 


• 7 5 


ii v 


10 10,11 


• 7 6 


li w 


10 110 


• 7 7 


ii X 


10 110 1 


• 7 8 


4y 


10 1110 


• 7 9 


ii z 


10 1111 


• 8 


5 o 


10 10 


• 81 


5 i 


10 10 1 


• 8 2 


5 2 


10 10 10 


• 8 3 


5 3 


10'IOOH 


• 8 J* 


5 U 


10 10 10 


• 8 5 


5 5 


10 10 10 1 


• 86 


5 6 


10 10 110 


• 8 7 


5 7 


10 10 111 


• 8 8 


5 8 


10 110 


• 8 9 


5 9 


10 110 1 


• 9 


5 u 


10 110 10 


• 91 


5 v 


10 110 11 


• 92 


5 w 


10 1110 


• 93 


5x 


10 1110 1. 


• 9 4 


5y 


10 11110 


• 9 5 


5 z 


10 11111 


• 9 6 


6 


110 


• 9 7 


6 l 


110 1 


• 9 8 


6 2 


110 10 


• 99 


6 3 


110 11 


10 


64 


110 10 


10 1 


6 5 


110 10 1 


10 2 


6 6 


110 110 


10 3 


6 7 


110 111 


1 U 


6 8 


110 10 


10 5 


6 9 


110 10 1 


10 6 


6 u 


110 10 10 


10 7 


6 v 


110 10 11 


10 8 


6 w 


110 110 


10 9 


6 x 


110 110 1 


110 


6y 


110 1110 


111 


6 z 


110 1111 


112 


7 


1110 


113 


7 1 


1110 1 


1 11* 


7 2 


1110 10 


l l 5 


7 3 


1110 11 


116 


7 k 


1110 10 


1 1 7 


7 5 


1110 10 1 


1 1 8 


7 6 


1110 110 


119 


7 7 


1110 111 


1 2 


7 8 


11110 


12 1 


7 9 


11110 1 


12 2 


7 u 


11110 10 


1 2 3 


7 v 


11110 11 


1 2 4 


7 w 


111110 


1 2 5 


7 x 


111110 1 


1 2 6 


7 y 


1111110 


12 7 


7 B 


1111111 



-4- 



'■i 








T 






ip 








N 








CH 






s 






D 






\ 


29 


28 ^7 _26 


11 W M" 


21 


WW 


18 


17 16 


15 14 


13 


12 


"ii 


¥ 


T. 


T 


T 


iiiiiiii 
$ 

iiimiii 


■111! 
5 4 3 2 

iiimiii iiiiiiii iiiiiiii mini 


1 




c 


!i 






c 2 




c 


^3 

1 






c 


U 






5* 


c 6 


Ci 





SEE BOTTOM TABLE 



S| CM [»-» means DOUBLE PRECISION 





1 
2 
3 

h 
5 



H 



8 
9 
u 
v 

w 

X 

7 
z 



* o 



1 


1 


1 


1 


1 


| 


1 


1 


i 


1 


1 


1 


1 


I 


1 


1 





1 


2 


3 


k 


5 


6 


7 


8 


9 


10 


11 


12 


13 


m 


15 


16 


17 


18 


19 


20 


21 


22 


23 


2U 


25 


26 


27 


28 


29 


30 


31 


32 


33 


3U 


35 


36 


37 


38 


39 


UO 


Ul 


k2 


U3 


\k 


U5 


1±6 


hi 


U8 


k9 


50 


51 


52 


53 


9x 


5$ 


56 


57 


58 


S9 


60 


61 


62 


63 


6U 


65 


66 


67 


68 


69 


70 


71 


72 


73 


Ik 


75 


76 


77 


78 


79 


80 


81 


82 


83 


Qh 


85 


86 


87 


88 


89 


90 


91 


92 


93 


9U 


9S 


96 


97 


98 


99 


100 


101 


102 


103 


lOii 


105 


106 


107 


108 


109 


110 


111 


112 


113 


11U 


115 


116 


117 


118 


119 


120 


121 


122 


123 


12U 


125 


126 


127 



T of* N number 



















DESTINATIONS 
















Line 


Line 


Line 


Line 


Line 


MQ 


ID 


PN r 


Test 


m r 


AH+ 


PN+ 






3QUHCE 




00 


- 15 


16 


- 19 


20 


- 2k 


25 


26 


27 


28 


29 


30 


31 


SPECIAL COMMAInDS* 






00 


000 


- OOz 


010 


- 013 


oiu 


- 018 


019 


Olu 


Olv 


Olw 


Olx 


Oly 


Olz 


Set HEADY 






01 


020 


- 02 z 


030 


- 033 


Oik 


- 038 


039 


OJu 


03v 


03w 


03x 


03y 


03 z 


Mag. Write 






02 


ouo 


- Oaz 


050 


- 053 


o5u 


- 058 


059 


05u 


05 v 


05w 


05 x 


05y 


05z 


Fast Punch Ldr. 






03 


060 


- 06z 


070 


- 073 


07U 


- 078 


079 


07u 


07v 


07w 


07x 


07y 


07 z 


Fast Punch M19 






OU 


080 


- OBz 


090 


- 093 


09U 


- oyb 


099 


09u 


09v 


09w 


09x 


09y 


09 z 


Mag. Search rev. 






05 


OuO 


- Ouz 


OvO 


- Ov3 


OvU 


- Ovti 


Ovy 


Ovu 


Ow 


Ovw 


Ovx 


Ovy 


Ovz 


Mag. Search fwd. 






06 


OwO 


- Owz 


0x0 


- 0x3 


OxU 


- Oxo' 


0x9 


Oxu 


Oxv 


Oxw 


Oxx 


Oxy 


Oxz 


Ph Tape rev. 01 






07 


OyO 


- Oyz 


OzO 


- Oz3 


OzU 


- Oz8 


Oz9 


Ozu 


Ozv 


Ozw 


Ozx 


Ozy 


Ozz 


Ph Tape rev. 02 






08 


100 


- ioz 


110 


- 113 


UJi 


- 118 


119 


llu 


J.1V 


llw 


llx 


ny 


llz 


lype AH 






09 


120 


- 12z 


130 


- 133 


13/4 


- 138 


139 


13u 


13 v 


13w 


13x 


±3y 


13 z 


Type KL9 






10 


3iiO 


- li;z 


1*J 


- 153 


l?u 


- 158 


159 


15u 


I5v 


I5w 


I5x 


lSy 


I5z 


Punch rCL9 






11 


160 


- Itoz 


170 


- 173 


17U 


- 178 


179 


17u 


17v 


17w 


17x 


I7y 


17z 


Punch Card M19 






12 


ISO 


- I8z 


190 


- 193 


19U 


- 198 


199 


19u 


19v 


19w 


19x 


l9y 


19z 


Type In 






13 


luO 


- luz 


It/0 


- Iv3 


lvu 


- Iv8 


lv9 


lvu 


lw 


lvw 


lvx 


1^ 


lvz 


Mag. Head 






m 


lwO 


- Iwz 


1x0 


- 1x3 


lxU 


- lxd 


1x9 


lxu 


lxv 


lxw 


Ixx 


lxy 


lxz 


Card Head 






15 


lyO 


- lyz 


lzO 


- Iz3 


lzii 


- xz8 


iz9 


Izu 


lzv 


Izw 


Izx 


lay 


Izz 


Ph Tape Head 






16 


200 


- 20z 


210 


- 213 


2sh 


- 21b 


2x9 


2lu 


2lv 


21w 


21x 


2iy 


21z 


Halt 






17 


220 


- 22 7 


2 30 


- 233 


2 3U 


- 236 


239 


23u 


23v 


23w 


23x 


23y 


23z 


Hing Bell 






18 


2^0 


- 2i.z 


2,0 


- 253 


25U 


- 256 


259 


25u 


25v 


2^w 


23x 


2 5y 


25z 


20 -ID to OR 






19 


250 


- 2oz 


2 70 


- 273 


2 74 


- 2 7o 


279 


2 7u 


27v 


2?w 


27x 


27y 


27z 


Start DA-1 






20 


280 


- 28z 


290 


- 293 


2yi* 


- 298 


299 


29u 


29v 


2?w 


29x 


29y 


29z 


He turn 






21 


2uO 


- 2uz 


2vO 


- 2v3 


2vii 


- 2v6 


2vy 


2vu 


2"v 


2™ 


2vx 


2vy 


2vz 


Mark 






22 


2wO 


- 2wz 


2x0 


- 2x3 


2xh 


- 2x8 


2x9 


2xu 


2xv 


2xw 


2xx 


2xy 


2xz 


Test Tl-AK 






23 


2yO 


- 2yz 


2zO 


- 2z3 


2%\x 


- 2z8 


2zy 


2zu 


2zv 


2zw 


2zx 


2zy 


2zz 


PG Clear 




m 


2U 


300 


- 30z 


310 


- 313 


m 


- 318 


319 


31u 


31v 


31w 


31x 


3iy 


31z 


Multiply 




ID 


25 


320 


- 32z 


330 


- 333 


)3k 


- 338 


339 


33u 


33v 


33w 


33x 


33y 


73z 


Divide (CH-1) 




PN 


26 
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- 3hz 
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3% 
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20 
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27 


360 
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AH 


28 
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Test HEADY 
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29 
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3vU 
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3vy 
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3w 


3vw 
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3vy 


3vz 


Test 0VEHFL0W 
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30 


3w0 


- 3wz 


3x0 


- 3x3 


3xU 


- 3xb 


3x9 


3xu 


3xv 


3xw 


3xx 


3xy 


3xz 


Mag. JHle Code 




20.21 


31 


3y0 


- 3yz 


3zJ 


- 3z3 


3zu 


- 3z8 


3z9 


3zu 


3zv 


3zw 


3zx 


3zy 


3zz 


Next Comm. f m. AH 



* SPECIAL C.ryANDS: See "SPECIAL COMMANDS" table (page J) i'or complete listing. 

Lote: Tne CHAHACTEHISTIC used Jn the above table is (except for DIVIDE). 

If CH = 1, addU to the left digit; if CH - 2, add 8; if CH « 3, add w 

Examples: CH = 1, S « 28 , D = 01, last three hex. dig: ts * 781 
CH = 3, S = 21, D * 29, last three hex. digits = yvx 
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gate 8 (ta+TB+tc) 
oatfi 7 (TA-TB-Tt-TM) 

Tl 

T^ 

gate 6 (TVTB-TC) 
gateS (TA-TB-TW) 
qa,"te 4 ( TA -TB -TC -TM) 
gate 3 (ta-TB-TC) 
30b: £ (TA -TM) 
gate. I (Ta-TS'Tc) 
TC 
TB 
TA 



TM (TIMlUq- TTMK} 
I tin 



(sajm« every won^time) 




\30 V ^"\ j? KluMBeR TRACK (\OQ-vX - recirculating lint) -+- ' 

TlMlKjQ- TRACK (\2A--uJdL. - ^ernn) -* 







/ //v> 



, * ,1- (RC-CT) -*■ 

J-4^f/ --*-(SPAR£ CLOCK TIPflCK) 

CLOCK TRACK (3^*11. )»i»l«e&) 

[sqxie*] 



CLOCK 
CHASSIS 



"-^(SWtFT PULSE) nr 
- CLOCK ^ \ 



* READ CLOCK- 



^_T1 TL 



ORIGIN OF 

TIMING SIGNALS 

'TIMING GATES* (enc^t where noted.) 
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Input Tape 
CONTROL 



Mag.Clamp 
HANDLE 



Input Tape 
MAGAZINE 



LIT when 

A.C. Power 

is ON 



A.C. Voltage 
Meter 



Main 
ON-OFFSw. 



D.C. 
Voltmeter 



PUSH to 
turn OFF D.C. 
Voltages 



LIT when 
D.C. Voltage 
is ON 




Paper Tape 
Guides 



PUNCH 
RUN 



PHOTO 

DIODES 

(Read Tape) 



Running 
Time Meter 



A.C. Volt. 
Adjust Knob 



LIT after 

TURN ON 

cycle 



PUSH to 
turn ON D.C, 
Voltages 



Selector 
SWITCH 
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SHIFT 
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or abs 



no 
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EXIT 



I/D 



abs. 
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def« 



*T29.RC*(T-1) — > 
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MARK 
EXIT 
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CE means 
ODD word 



WT RC - L ■ Jj T « 6 



Imm., MARK EX., abs. 



Imm., MARK EX., rel. 
Imm., MARK EX. 

Def., MARK EX. 



Def., MARK EX., single 



Def., MARK EX., double 



T29*(L+T) 



T29'(T-1) 



T29.RC 
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3L0CK CM R£c\RC 
/ 



j~ ~A~A ^i"/] COMMAND REQ-. outputs for 

; CC C/w ' control of Rc,urm,"n?,wRc 




T3 ,-~^ L 5v 



CM (WOMBS* TRACK) 



Sfc> — *■ . \P^ I e|»««tal reset for comnrKxnJs having RELATW 

— * /LpN f ** 1 ~' ^'"^■s- ( T "ac*t'we during 'VORC' state) 



J~ 



_jei *byM*Mie" i^__ 



~V RC 

T~ C3T. 
| ROCT 



CJ- 



T3> 



CLOCK 
CHASSIS 



Ja * STATIC" i\_RC-CJ 



JSHIFT PULSE) (af»H'^ ^ CI-CW in lieu of CLOCK 



V SHIFT PULSE " 



lllllllllllll (9^ 

v CLOCK') 




SOU RCE 



o 



t 

OT 



■^ it 5 



(Tl-CN+CT-hTO) 



TAPE START 



AR 



CJ 



v 



MC (inverted output of select* JL COMMAND Line) 



(normally 

*r^ high) 



TTT TTTT HTT 



tin \W ■ 



| 



feels 

I o 



TTT 

I I 



05 

Tit fm 



a a a 
o lulu 

t 



l*» 

iff 

a o la 

I I/O 



a a a 
u u o 



CG T29 R( 



MO Ml M2 M3 W4- MS MIS MS3 



#1J5LJSI 



ft. 



/£\ in t> x 
vv q v) i/> 



' Nt~XTC0MM.FROM AR 
( 3 , _P_* 30 



ftf? 



ffi . 



TTT 

" SEL. COMM. LtNfc'' 
(20/SI ->3l) 



<SA> — 

' READY 1 - 



e?? 



Try i~p 



TYPe 3 TYPE2 TYPE I \ 1-7 

(2 £ ) <E') (a ) / keys 



I* 



#£A£ COMMAND 



-22- 



xyoss3o:>tf j-wrox 



xao$5373v (( yaisi$3a ±ryifio-mdNi,cu_ 
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ARITHMETIC OPERATIONS ON FRACTIONAL NUMBERS - GENERAL CASES 



I. ABSOLUTE VALUE AND SIGN 



AUGEND 
0*a<l 




-a. 



AUGEND 
0<a<l 



+a. 



+ U-a) 



ADDEND 
0<b<l 




SUM (ALL) 



0<(+a+b)<2 



-K(+a-b)<l" 



-K(-a+b)<i; 



/ 



/ 1 < (+a+b) < 2 
(+a+b)» I 



-2<(-a-b)<0; 



K 



SUM (SPLIT) 



or +(a+b)>l 
or +(a+b)» 1 



0^(+a+b)<l 
0<(+a-b)<l 
•l<(+a~b)< 
0<(-a+b)<l 
■K(~a+b)<0 
.l<(-a-b)<0 



or + (a+b)<l 

or + (a-b)<l 

or -(b-a)>-l 

or +(b-a)< I 

or -(a-b)>-l 

or -(a+b)>-l 



■^ (-a-b)--l 

■2<(~a~b)<-l 



or -(a+b)--l 
or ~(a+b)<-l 



•O.F. 



>0 6 F, 



ADDEND 
0^b<l 



,+b 



+ (l-b)- 



+b 



II. ADDITION OF COMPLEMENTS 



SUM (ALL) 



^ (a+b) < 2 



0<(H-a-b)<2; 



0<(l-a*b)<2; 
+ (l-b)-f-0<(2-a-b)<2 







END 


SUM LESS 














SUM (SPLIT) 


CARRY 


END CARRY 








/l < (a+b) < 2 


C 


(a+b)-l 


( 


)011 (-) 


/ 


s (a+b) - 1 


c 


(a+b) -1-0 


( 


3 1 1 (-) 


V 


^0 ^ (a+b) < 1 




(a+b) 


( 


3 (+) 


s 


*l^(l+a-b)<2 


c 


(a-b) 


o : 


L 1 1 (+) 


^> 


v 0<(l+a-b)<l 




l-(b-a) 


1 1 1 (-) 


S 


xl<(l-a+b)< 2 


c 


(b-a) 


1 ( 


D 1 1 (+) 




v 0<(l-a+b)<l 




l-(a-b) 


1 ( 


) 1 1 (-) 


s 


^l<(2-a«b)<2 


c 


l-(a+b) 


1 I 


L. 1 1 (-) 


\ 


^ (2-a-b)- 1 


c 


l-(a+b)-0 


i : 


L 1 1 (-) 




0<(2-a-b)<l 




2- (a+b) 


i : 


L (+) 




-.! ~ -P 3 


t \ 


» J 


. ; 


i i 


i 


OX^Xl ux dU&CUlU 










o.ign ox aaaenu — ™ 
uncorrected sign 












end carry 
corrected sign 





0„F< 



►O.F, 
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DECIMAL BINARX EQUIV. 



FROM MEMORY IN ADDER 



TO MEMORY 



♦9 
»3 

♦12 


♦1001 
♦0011 
♦1100 - 


♦12 


♦9 


+1001 
-0011 
♦0110 - 


♦6 


-9 

3 


-1001 
+0011 
-0110 - 


-6 


-9 

4 


-1001 
-0011 
-1100 - 


-12 



TS 
1001/0 ■ 
0011/0 - 



1001/0 
0011/1 



1001/1 
OOil/O 



1001/1 
0011/1 



TS 
1001/0 
0011/0 
1100/0 
/Oc 
1100/0 - 

1001/0 
1101/1 
0110/1 

_Ac 

0110/0 - 
0111/1 

ooii/o 

1010/1 

/Oc 
1010/1 - 

Olll/l 
1101/1 
0100/0 

41c 

0100/1 - 



1100/0 - +12 



0110/0 - +6 



0110/1 - -6 



1100/1 - -12 



♦8 
♦9 



-6 



-7 



♦1000 
♦1001 
♦10001 (- +17) 



OVERLOAD EXAMPLES 

1000/0 
1001/0 



-1000 
-1001 

36T5oT( 



- -17) 



-0111 
-1001 
35555" (• 



-16) 



1000/1 
1001/1 



0111/1 
1001/1 



1000/0 
1001/0 
0001/0 

_Ac 
0001/1 - 

1000/1 
0111/1 
1111/0 

/Oc 
1111/0 - 

1001/1 

0111/1 

0000/0 

A c 
0000/1 ■ 



"8X1111 >1" 

1111A - -i5 X 

»|-eum|>l" 

1111/0 - +15 X 

"l-suml"!" 

0000A ■ -0 X 
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(excWes D-iD) + vPfn - 



(ixcl ixles D • MQ, f»N) -♦ DV - 




fr-H«Q,PH) -{g ^ 



|p f li^flo^ ckt. -(aitivt only when TRANSFER irwlvei 3-WD LINES) 




CHARACTERISTICS TABLE 



CH ff's 3 and D both < 28 

CX GIh 5? 'D7 



8J ther S or D ^28 
S7+D? 



TRANSFER 

TR 



ADD 

AD 

CX-CW 



TRANSFER VIA AR 

TVA _ 

JX-CW-S7-57 ■ CS-J* 



ADD VIA AR 

AVA 

CX''JIJ'S7'5? ■ GS'Clw 






WA AR 



ABSOLUTE VALUE 

_ AV _ 

CX-Ch-(S7+D7)-CX-CS.QS 



SUBTRACT 

su 

a»cw(S7»D7)'tii'CW'i 




f^—^ aaH 



viaflR" 



3h 



LS 



£ 



ChktoamtgSTic 



T.fcOJSSK-t VIA Art 



AlH) /1A Ait 



AiS.,LL'TE y'aLITC 



B -*IB PROCESS 



PASS UNCHANGED 
(if 2-TORD LIMES 
are not involved) 



COMWJsMEMT 
NEATIHE 



REVERSE SI'Jli and 
GO' "tlM-ikl T :;.7':ik.i£ 
ii r;KW SI. A is :.Iv. 



- 12 x 2 -8 
. 12 x 2 _£i 

- 12 x 2"° 

- 12 x 2'* 



■ 12 x Z" 3 



12 x 2"° 

• 12 x 2-° 



) 1 1 0/0 
5 110 0/1 

) 1 1 0/0 

J 1 1 0/1 

> u o 1 1 U 0/0 
3 110 0/1 

10 110 0/0 
'0001100/1 



Il.T^iKlMJj.A-rE BUS 

■jlI.A.tf DbCIMAL 



LATE BUS 



.0 U 1 1 U/O - + 12 x 2 -i 
.0 1 1 0/1 - - 12 x 2* ( 



.0 1 1 0/0 



■ 12 x 2"' 



.11110 1 u/1 - 1 - 12 x 2"° 



.0000110 0/« 
.0 U 1 1 U/f 



12 x Z" 8 



.1 1 1 1 li 1 j/1 - 1 - 12 x 2 -1 



; 1 1 U U/0 



+ 12 x 2- 



EB—+/B 


^LB 


INVERTING OATES 


ACC. OATES 


(complete) 


(part) 


0-15D 
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■DA OVERFLOW 
from DA - I 



sy — DIVIDE 

QUoTOMT R6 * 

> I EE 




, v f fc > CONTROL 
\Jf GATES 

tttt 

31 
Com man a 

resets 



rMg>* 



"minus ZERO" — »AD 
(.*. reveme AA sf g n \>lh) 



ACCUMULATOR 
REGISTER 



"minus ZERO 
(.*. reverse PA sig 



■>PD ^f PC- o "1 j m f>li'*<L at 

j^) | t pS '■ J J TSS-CE time 




p/v) 



KjL»t :»^* 
•J=CH 

AD— AD 



OT 

J. 



(block) 



-D»A^-* 



£5~ 



TE- 



r? 



PRODUCT- NUMERATOR 
REGISTER ^ouL\e |«c.) 



CM\ 



COMMAND 
REGISTER 



Ft K. 



Tl 



S7 

-TE 






I *D - 

o re - 



?S3> 

.P0 P0 



aiock^Tr 



D-AR+ 



S 5 



^ 



SvT5E 



Tl 713 Tei T)*Tl3-T2( CM 

/T*-cu i o cu— J r 



fi 






cu 
cD 



o ED—3 r 

ocT -H/ 

CD c5 



D-PM+ 




¥5 



a 



RC 3 CI CT CN (NUMBER TRACK) 



fft Li \# #£ fn^fj) 

D7D0TR WW LB DU DWTR (OT) D7 DW 



ADDERS & OVERFLOW DEL 
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GATE #1 
GATE #2 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxs 



liiiimmi pooooooooooooooj r 



xxxxxxxxxxxx« 



»«s 



►xxxxxxxxxxxxxxxx* 



M21 (data line) 
M20 (control line) 



EBifS = 31 " M20-M21 



EB if S * 30 - M20M21 



GATE #1 
GATE #3 
GATE #l+#3 



XXXXXXXXXXXXXXXXXXXXXXXXXXXXS 



AAAAAAAAAAAAAAAAAAAAAAAAAAAAA 



niiiiiiimiimii3 |oooooooc^ 



xxxxxxxxxxxxxxxxxxxx 



»«s 



!AAAAAAAA5» 



XXXXXXXXXXXXXXXXXXXXAAAAAAAAS 

i i 



M21 (data line) 
AR (data line) 
M20 (control line) 



M20-M21 



M20-AR 



EB if S - 27| " M20'M21 + M20»AR 



SOURCE FF's 



llXlll 



cv- 
cu- 
sx 



lllllO 



{ 



S7 

sw- 



11011 



1 sx- 



(control) M20 
(data) M21 



(control) M20 
(data) M21 



(control) M20 
(data) AR 




SOURCE 
27 ; 30 



^ 



31 



• 



READ-OUT gates of all MEMORY LINES (MOO - M23, MQ, ID, PN, AR)^ 



(28 terms) 



rf 



DIVIDE FUNCTION (DIVIDE»PA»TE) • 
SOURCE 29 (S7*SV«I5S«TR«M20* INPUT) 



-> 



at -20V unless an IN/OUT REG. 
accessory is plugged in. This 
is a useful source of ZEROS. 



EARLY BUS 



EB 



COMPLEX SOURCES & EARLY BUS 
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£ I? 






r 1 1 



a; 



it 



£ 



£■ 



§ 



:rr 



=3=C 



P B5 

8 



Q 



^S 



p 



a 



:c: 



3 



t: 



# 



P 



t 



n 



~ 



=2= 



C=r 



t: 



is: 



:c 



-i- 



■4?- 



3 i. 



FI 



29- 



IWAVEFD/WS: EB, IB, LB, AR, etc 
I example: (13.02-03) -^AR^ 



1 - 


o 
a. < 


2: 


a: 

I? 


01 1 




1 




VJRC 


TR 


WTR 


RC 







o 


1 


1 


CK 





1 


1 





CL 


' .jXiX 


y \ 





CQ 



Brown Oranae Blut Green "Red 
(TWO 3 




NoTC; 



CQMMAtfe 



CC 



'cC'Ta^-Rc: 

CC -TBI- RC • 
CC-TI3 



(ot$.T#) occurs at wr=Cr-i) 



(F?<=UT#) 



VJT -(L+T) 
WT=(N-i) 

>ARK EXIT 'command. 



CM:CM-T39 follows first CC-TS9-RC for 108 WT J s 



CONTROL GATES 



(states of computer) 



q-isd 
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§ i~I 





1 




1 




1 




1 




1 


« 


^- 


r— 


- 


in 


CO 


so 


« 


<=> 


o 


<=> 


CD 


- 


^J 


r^ 


o» 


CM 


r^» 


^? 


— 




— 


— 


« 



It M t 



C 
O 

»!E 

C w 
•- • 
(A h 

a 



< 

a 
in 

5 



c 

O k 

a 

o 



e 

— .2 
2' 3 



« 
« 



■o 

c 

k. e hi 



< 







-3/- 



COMMAND REGISTER 



MARK EXIT 



™ R T K CZCH "exit" 





CmY Tread 



T13-T21 T1 ro 



y u mW\ 
ST 



WRITE 




CN CT 



*\ Affects T2--T13 
of W107 only 
(1940 correction factor) 



T |%j N |xjx| 21 | 31 (x| 



X MARK EXIT 



YYT^ 



*T 'of MARK EXIT 
becomes effective 

1 N' of following 
RETURN EXIT(S) 



CD2 


CD1 


CD3 


COMM'D LINE 











9 





i 





i 


i 








2 


i 


1 





3 








1 


A 





1 


1 


5 


1 





1 


19 


1 


I 


I 


23 


CD2 


CD1 


CD3 


COMM'D LINE 



o L+2 



vv 



o L+1 



xx 



20 



31 



Xl RETURN EXIT 



MARK & RETURN 
EXIT 



JTR 



NEW COMM. LINE SET 2 



>13 2l 



(T-1) |Lmark-ex[ 



J RC 



CJ 



T13-CC of 



yiS subsequent 

p^ revolutions 




2 tt 

13 112 1 11 1101 9]8|7 



CC 

CU<-set toZERObyCJDS-SSSV 



CD<- 



CA 



107carries 



1940correction(WT=107) > 
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Vfc t ir » V| 

■"HI 2 II OH1") CUIUNtS lEAt 

D--OD J j, — * — ^ 



WT4 10 
WT7 



ir~icr 



N 



WT 



T29 



T21 



T13 



T 



cu = INVERTED Command 



CD = Contents of Number Track, CN, via CT 



cc = Carry FF, ALWAYS Set at T13 + T21 



_ CA=Sum, Record During Word Time O T29 ^\ 



Ttniiitt RC 
(Aitiiatic) 



u 



CU = CM, Sum RECORDED During WT O 
C D= ooo 



CC = Carry FF, ALWAYS Set at T13 + T21 
c A= Sum, Record During Word Time 1 

x \ — 

* CU = cm, Sum RECORDED During WT 1 



C D== 







CC = Carry FF, ALWAYS Set at T13 + T21 



_ CA-Sum, Record During Word Time 2 



CU = cm, Sum RECORDED During WT 2 



CD= 







CC = Carry FF, ALWAYS Set at T13 + T21 



c A = Sum, Record During Word Time 3 



L 

t cu ~ 
I CD = 



■ INVERTED Command 



Contents of Number Track, CN, via CT 



c A = Sum, Record During Word Time 4 t?q 

1 ). , < 



CC = Carry FF, ALWAYS Set at T13 + T21 



CU = CM, Sum RECORDED During WT 4 



C D= 







CC = Carry FF, ALWAYS Set at T13 + T21 



ca= Sum, Record During Word Time 5 

4=t 







Initiate Tl* 
(Btcaise 
CiBnaai is 

laicdiate) 



C*U = CM, Sum RECORDED During WT 5 

r n — (] (i [i nnn 


1 


i 


1 1 


i 


i 


1 1 


1 1 


» 


i 


i 


i 


i 




V U UUU UUU 

CC = Carry FF, ALWAYS Set at T13 + T21 


1 1 


i 


1 1 


i 


i 


1 1 


1 1 


i 


i 


i 


i 


i 




c a = Sum, Record During Word Time 6 














s 





























cu = INVERTED Command 




1 


1 


1 




1 


1 


1 


1 1 


1 




1 




1 




CD = Contents of Number Track, CN, via CT 










1 












1 










CC = Carry FF, ALWAYS Set at T13 + T21 
















\ 










1 


1 




CA = Sum, Record During Word Time 7 T29 




J 


1 


1 


1 


1 


1 


II 


II 


1 


1 


1 


1 
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(excludes D*ID) OV-TR- 



(eacludes D-HQjPN) -DV- 



(Sj* ID,WQ,PN)- 



-5&+SX- 



(CH.. TR.TVA) -{^ + ^"; 



(d- iD,rtQ,N — -{j£^n! l 



TR-» 
TS-» 



V 



I 



» ^ y ID,WQ,PN 

I * J IP holds + 1 ^L 

_ r iff 




AA 



£S 



n 



lPfcol«U - 



+ — ID 



I OPhoUt -) 



PS 

"CLEAR* 



(excludes CH »TVA) 



iD,Mq ) PM^^*-tD 1 WO.PN--- 

r 'T 

load first I oar) second 

+ + 

+ 



IP aconites sujn minus sign 
(PN is cleared) reverses IP 



-- IP control: 

+ 

+ 
final IPsign 



<l 



(D# ID.MQ.PM.'tSST*) — >-Dfe- 

(C M. « TR ,TVA) * J c|tll^ 

fS- IDlMQ,PN) *{fx- He} 



^h 



TV* 



Jock EB— IB 



If U 



~>-[set IS (complements number)] 
. PN-^-^PN ; IP holJU - 

lD ) MQ 1 PN^^i.lO,^q ) PN;TesT , i IP hoUs — (\ 



_bt>T 



0T-* 



'NUMERICAL FOKlWoMLy 
SorD-tti.MQ.PM onACH~*TRTVA 



IP SI(»N (-) — *IB 



cs 

TR 



75 



an 



LB 



4 



F '^: 



, I PULSE DELAY 



X 




5b SW ' ' V 



Z 



sls'u ""« 



— 19i ' 

t PG CL6«R— * >— ' ■ 



f^ 






o- K , l a>lj 



£2 



ii 






PR) 



I. 



3> 



r — ■ f\ Tw r -w >ID j J <frf — | : 



CT^i 



ii 
o ii 









^U 



LB 



(d = as = id) 



* NffTS: ^CLEHR* - DS- SS - - SX- @) ■ i.e. [23-^31] 



DbLW 


B7 DW 


CS-CE 


(D=?t> = PN c ) 


(D = 30 = PN + ) 


t 

Ces+CE) 

t 

[not VIA ARj or [oDD WTl] 



Dfc DU 



2-WD. L//VES 

(SOURCE -D£STlUATIOW ASPECT) 
<£ JH FLIP-FLOP 
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ODD 



?|xxxxxxxxx 



IXXXXXXXXX 



EVEN I 

x x x x x x x x/sr^g 



x x x x x x x x/t| 



ODD 



!tr 



T 

M 



: Hi : 

' i t 

Ixxxxxxxxti ooooooo 0/0 1 

•\ v ; 

must be cleared 
by other command 



TS* TR 



TR 



J7t-IS.TR 

m 



z7z 2 z z z z z z z/zjx X X X X X X X/t]a~r 



z/zlX X X X X X X X/tja a a a a a a a/a 



<I1 



"[La 

gj if 



ID 



< 



IP 



ID 



- 1 L EVEN i a \ 

W%\z zz2ZZ2z/z|XXXXXXX X/S|^^ S <( 



_r 



JlSiCE-TH 



£ 



X X X X X X X 



s* 



IP 

AR, 

ARr 

J 

ID 



<l 



CH S 



s 



ID 



ID 



ID 



TVA 



s /d 



2-WORD LINE 
V used as 

DESTINATION 

(but not as 
SOURCE) 



J 

NOTE: when ID is 
used as EEST., IP 
acquires SIGN and 
PN is cleared 
during TRANSFER 
if CH - TR or TVA 



ODD 



EVEN 



Ixxxxxxxxxlxxxxxxx x7o | 

HI 



Jit 

Mr. 



JEL 



TS TR 



< ^^lx x x x x x x yJ^mm^^^/^^^/M. 
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< 



TRANSFER most 
significant half 
of PN to DEST. 



PN 



K 



2-WORD LINE 

used as 

SOURCE 

(but not as 
DESTINATION) 



2 -WORD LINES 
SOURCE, DESTINATION examples 



AViaa asnnd be 




31- 

£* S 



& 






- a 



J i 






fcw -lnswmpni 



^y»<u#^<(wo'3 -syj_u9^^ ur»33o) - b3L^« P^w^S uwf fcb woyd /.yaw? < 




UiHS 



xv-iaq annd S9 



? 







Asnaa as-irw zs 




iH*)ia qi 



ldlHS 



ifc—Kii 



- 3Miyi3U *" rj»^uinu „_!_„ 



"\7 



V 



r^ 



<t» 



o 



V 



4 



\7 



\7 



^ 



^ 



LO 




£ 








~j 


o 
# 




X 


Q 


§ 


£ 


-1 
5 


i 


«« 


<M 


^n, 



\ - — *& 



IK 



<ti 



<P 



t 

S" 
if 
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NORMALIZE] 



^ 



is 
t ° dd 



5f 



TR muit start at 
oxi EVEtO woriTW* 
ana is lir*rt*A-"tb 
"T" vuord "time< 



/ 



* 

1 V. 



CDS-Slo-SX) 



D E F 4 H I 



1 \ I Q I t> • •/• 






P\R. counts no*J 



has . 



g P <T H I 



(c d e f 



D C F Q H__I BCDEFq-UI . _ _ , 

♦ »/• | I I I 1 »/• [0 001 



IB C t> E F 



fiBcDEF&Hl ABCPEFfrHI 

1 0y|0 1) 10 1 0/»| £ 



4 H I 



mBCDEFQHI fftBCPEFgHX fo 



I I 01 O ft • • » O I I I Ql • • » I I 1 01 O » • O O O I I 1 01 • O O I I I 01 0*0 



D E F » H T C E F (j- H I BCPEFg-HI 

| I 1 I I o • • •/% 1 I I I I • %/% I O I I I 10 >/♦ I - 



D E F <* H I 



C D E F <r H I 



6CDE F^HI 



I 4*| 



WBcDCFgHl 
\ I 1 O I 0. 



m s 



E F <t H I D E F tfr H I c D E F <? H I 6 C D E f 

| 1 I t I O • • •/•! I 1 I I • • •/»|Q II I O I • »/»|0 O I t I 

~ ™ H^ c = o ^ a-o 

y- +3 ZERO 

|0 O 1 i/» | ° o ' ■/•[o o i o/«|o o t o/>|o o o i/»|o o o i/i]o o o o/*|o o o o/«lo o o o/»l 7 

*" * _yT\ fi \ increment, flR b>/ sctfal^ RCatTI- CE 8 

]o o o o/e |o o o o/« I *! 



f~\\ f~\\ /T \ increment flF? 

|Q O I 1/» | I I /•jo ) o/«lo o > o/«|o 1/llQO o l/ilo oo 0/»" 
+3 +2 +1 



PQ ((JfiWy RE) 
(D3-St>PQ-TE 

^ 

TSq-CE Wit) 

ROTE 

flfl 



5AV/F7 



TR must start ait 



TR must start oX J* 

an EVEN wwnltJwve /^_, 

ani i« U'itei-to ' I* * » 



V 7 
_7~~ 



-+- 



"V 



(DS-St-SW) 






fl 8 C D E F ft B C D E F 9 fl B C D E FffH ABCDEFfrHI ABC&gFgHl 

O I I \/%\% » 1 I t 0/»|» I I I l/»|0 & I ' I I 0/»|0 001 I I I 0/»| II 

1 fl B C D £ F 1 flBCDfF*! flSCpGFGHlftBCDEFfrHllAB 



C D C F (J H I 



» • > » It I •••0001 1 t • • I 1 I I » O O I I I t O • O O O 1 I 1010 12 

PiBCDgF ABCDEF^yfl 9--C^ p £ F » H ♦ 

| > • • t t l/»|M0Q O | I I 0/» | • Q O O 1^4^ I O \J%\ (3 

Y 

I t 0/»|» O O t 1 10 1/4(0 0)1)01 0/ft| 14- 



fl B C t> C F fl B C £ F ABC D E F Q. 

|i ti Qoo I ) !/•!• • • o o i t >/•!• • o a o 



ft* counts sVifft\ 
an el »to\as"TR 
dftcr h sViff* if 

isWUceJin fit? S ' 
before SHiFT^^ 
commara. 



(At Q simolt«un?ou*ly sVilft* Itfft^ 



ft 8 c D E F fr'tNJ fl 8C&EFS-HI 
1/»10 T " 

/*7 \ "ENbCfleRy' f sA.-ber>Y> - ^etgAeJ Juno^ SH lR"comma.ntj w^en RR ' 

7A. 



is ineremenXeo-bzEKO \S 
xERQ -3 

imi •/•!• • • »/i j i i i i/i j i ' i i/i I ' ' t q/ 1 h ' ' q/i I ' i o '/' 1 ' ' o i/i 1 1 » o i/i i ii. 



J^L_ 



/T \ increment RR t>y sdtt'ng ftC <& T\-CB 



n 



• •/• | »♦••/! | I I I I / I [ 1 I I I / 1 I I I I 0/ 1 | I I I 0/ 1 J I I Q I / 1 1 I I O I / 1 [ I I O iTH 18 

^_, r£Ro ^ -1 ^2 r 3 f 

consign una>rr. sign (a*) 



PI Obr«JRF- 
reaJi I ^» adv.) 

/DwriU 
(DS-sU'e^Te^.cE'flCs 

PU: APreaiFF. 

fic-Ta 



MULTIPLY 



I3Q 



example given- .1(01 x .1010 = .10000010 (rounel-off "to , 1 000) 
(10) x (MQ) ► PH 



(DS-SfaSu) IS TR 



|o O Q O Q 



Fl BC Djefe, Vi 



a * 9 h l D e t 3 h t c P e r 3 h t BcOerghi, rbc d ;e t 3 h l 

•/•\o o o o o ft » • •/•|0 ooooo»»»/»}l 0ooooo»»/»|0 1 Qoo 000 •/» II 6 I 6 jo o o o o/t| &0 ^ Q wr j^ 

> ^ ' ^ 

D c B ft MQo 

< g -» bit jf rtq» - o / a-»bvtof MQ n = 1 \ s' a Ut a f MQ - y a-' b',t f mq - 1 * 



ai PM 



A 8 c D c 
U * 4 • I I I o»N 



fl 8 C t) £ 



C D C f 



d «. f ; 



I I O I o/»j» • • I t O I O o/»[ • • I I O I 



o/t|» 



»/•»■ I O lio o o o o/»| £2 //j wr 'ite 



O I 6 o o o/i 



IDX2" 



IDxS : 



1D*E 



II 



I o/* | l I o o/t|» 1 1 I o o o/»l> I I I o o o o/«|0 0/»|o /•{ £3 PU , PP j ^f> ^^ 



heal 



ClDo") X (*Gfc) 



A B C D £ f 



flBCDfifgb 



0000000O \% » > I I 1 o o >] 0000000000 [• I I Ql 000 o/»] - 
IDXfi-^xO lD*2-3xt IOK2'*xO 1dk2"'x t 



- £*- PD« 

(os.Sfc.6scT)'(Pi.7e)'PrA 



I I OO t o o/» H I o o/>| I I o t>/>!» I I 1 o o o o/> |< I I 0loooo/»|00O00000O/>| 25 PA 



NUMERICAL EXAMPLES 

UORMflLltCj SHlFT^ *• Wl)LT|p»y 
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DIVISION (q-4<2; 



(A) 



1.0100 

.ioioo/ .116oi 

-10100 
10100 
—10100 
-0- 



q 

d 1,0100 
.10100*/.11001*< 



sub .10100**—— 
+ .00101******* 
+ .001010— 
( sub ).*00000*— 
♦ .*01010****** 
+ .*010100***** 

sub .**10100— 

+ ,**ooooo***** 
+ .**oooooo**** 

( sub ) «***00000— 
+ «***00000**** 
+ .•••OOOOOO*** 

(aub ) .****00000*** 
+ .••••OOOOO*** 
+ .••••OOOOOO** 



d(2°) x 1 n 

r-L - n - d(2°) 

it 

d(2-!) x n 

r 2 - n - d(2°) 

d(2- 2 ) x 1 

r 3 - n - d(2°+2- 2 ) 

it 

d(2~3) x 

r^ - n - d(2°+2- 2 ) 
ii 

d(2"^) x 

r£ - n - d(2°+2" 2 ) 



i.e. n<2d) 






if 


4(n - r )<l 
H(d- d )<l 

o 4 n. < <*o <:L 


d n> r n 


or 


^ r 2 < d,<4 


or 


1/8 < d 2 < i 

^r 3 < d 2 <f 


or 



1/16 i d 3 < 1/8 
0«rfc <d 3 <l/8 
■ 

1/32 ^ dj. < 1/16 
* r$ < d^< 1/16 

llr 



or 



or 



(B) 





1.0100 


.10100/. 11001 




- 10100 


1 


♦001010 




- 10100 





-010100 




+ 10100 


1 


+000000 




- 10100 





-101000 




+ 10100 





-101000 



q 

d 1.0100 

.10100*/ .11001— n 

sub .10100— d(2°) 

1 + .00101— • i"! - n 

• + ,001010««**** n 

sub .*10100****** d(2~ 1 ) 

- .*01010****** r 2 - n 

- ,*010100***** it 

add .••10100— ** d(2 -2 ) 

1 + .••00000««««« r-j - n 
+ .**000000**** n 

sub .***10100— * d(2~ 3 ) 

- ,***1010Q**** ri - n 

- .•••101000*** « 

add .— 10100**« d(2~y) 

- .••••10100»»« r£ - n 

- .••••101000** ti 



d(2°) 

d(2°+2- 1 ) 

d(2°+2"2) 



0<(n - r )ci 
K(<* - d )<l 
-1< r x < i * 

J < dl < \ 
-t <C r 2 < i * 
ii 

i/8 ^ d 2 < i 

-i < r 3 < 1/8 * 



1/16 < d 3 < 1/8 
d(2°+2"^+2-3) -1/8 < r£ < l/l6* 

1/32 ^ d U < 1/16 
d(2 +2" 2 +2- ii )-l/l6 < r 5 < 1/32* 



(C) 



q 

d 1.0100 

.ioioo*/ .nooi* 

sub .10100* 
1 + .00101* 
• + 0.01010* 

sub .10100* 

- .01010* 

- 0.10100* 
add .10100* 

1 + .00000* 
+ 0.00000* 

sub .10100* 
- .10100* 

- 1.01000* 
add .10100* 

- .10100* 

- 1.01000* 



n 

d 

i"! «(n 

2ri»(n 

d 

r 2 -(n 

2r 2 - (n 

d 

r 3 »(n 

2r 3 -(n 

d 

r u -(n 

2r U -(n 

d 



5 -(n 



2J%"< 



d(2°))2? 
d(2°))2 1 

d ( 2 +2 -l)) 2 l 
d(2 +2" 1 ))2 2 

d(2 +2 -2) )2 2 
d(2°+2- 2 ))23 

d(2°+2- 2 +2"3)) 2 3 
d ( 2 +2 -2 +2 -3)) 2 U 

d(20+2-2+2-ji))2J4 
d ( 2 +2 -2 +2 -li)) 2 5 



* case < B): l r n|< |d n _i| until r n - 0. thereafter |r n | 
case (C): |r n j < |d| until r n - Oj thereafter r n | 



0<(n - r )<l 
£<d <1 

-2 <2r 1 < 1 

4^ d <1 

-1 < r 2 < i 

-2<2r 2 < 1 

Hd <1 

-1< r 3 < \ 

-2 < 2r 3 < 1 

i< <T<. 1 

-1< r U < 4 
-2<2r^ < 1 

** d < 1 

-1< r 5 < | 
-2 <2r^ < 1 

|d n -l| 
Ml 
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lol 



31 d 

o| 0,10100 / ¥ 



add 



add 



C 
N 
N 
C 
C 
C 

add N 
N 
N 

add C 
C 
C 

add N 
C 



(G)J^ 



0>) 

q 
1.0100 



(E) 

q 

1.0100 



0.00101 
0.01010 
1.01100 



0.11001 n 0.10100 / "N 0.11001 n 

1.01100 add C 1.01100 

N 0.00101 + 

N 0.01010 

add C 1.01100 

C 1.10110 - 

C 1.01100 

add N 0.10100 

N 

N 

add C 

C 
ii N h 

add N 
C 



o.ioioo /T 



(F) 

q * 

1.0101 



1.10110 
1.01100 
0.10100 



0.00000 
0.00000 
1.01100 
1.01100 
0.11000 
0.10100 



1.01100 
0.11000 



0.00000 + 
0.00000 
1.01100 
1.01100 - 
0.11000 
0.10100 
1.01100 - 
"N" 0.11000 



add C« 
N' 

N 
add C 

C 

C 
add N' 

N" 

N 
add C 

C« 
_"N" 
"add Y" 

C 



:} 



0.11001 

0.01100 

1.00101 

0.01010 

0.01100 

0.10110 -J 

1.01100 

1.10100 

1.00000 + 

0.00000 

0.01100 



2 



> 2 



-1 



J 



,-2 



2 -3 



0.01100 
0.11000 "I 

o"3 ioioo y 



(2^) 



1 201100 -J round-off 1 
1 JllOOO 



TS 
V 

1 



Jl 1 







TS 


0, 

1 





8 ♦ 

1.0 1 1 



} 



110 
10 10 
110 

i 



I 

X 1.0 1 



TS 



oio 



2-3 





TS 2 -2 

liO 1 1 



OiO 1 1 
oio 1 1 



A 
111111 



3 f 

X X L.0 1 



TS 

▼ 

oio 



1:1 o i o o 



/ 



liO 
I 







X X X 1.0 



OiO 



Oil 

1 1 

8 

X 



2-1 

10 10 
110 
110 



TS o 

▼ z 

Oil 1 1 
oio 1 1 



1111 

1 

XXXI 



TS 

▼ 



1 



no o i o i 



I 



/ 



111111 



X X X X X 



T 



AUG, 
ADD. 
SUM 

IS 
B3, 



DURATION OF DIVIDE (DS«S6»SV) 



FINAL 
QUOTIENT 
(henceforth the recirculating contents of MQ) 

* placed over a "1" means that "1" is the result of an automatic 

PRINCETON ROUNDOFF, (i.e. lowest order quotient bit is unconditionally- 
equal to 1 regardless of the sign of the remainder previously generated) 
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UaatS 



KQ-' 



wv^S 



*Q--' 



U*-$ 



*[H 






HP 



MP 



Uw-r 



MP 












"C^i 
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~\> 



Ua-^ \> 



^5 ^ 



°*""T^ 



?3 
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si*- 



^crr 



a, i ^' 



KfiikS 
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N O co 



o-\., o-\-^-\ o-\-, o-\, n-\-, o--y, fry fry n-y n-y, o-y o-y o-y fry o-y n-y n-y, o-\. 



-W- * 




m 



m<A\y 



normally 



_ _ normally _, -/ normally 

_ FBOWT P*N£L SWITCH SYMBOLS: — [10 — °K" / i H}fl~ *lo»*«L 

B^ OF TAPC. 



MOTOR 




BOTTOM 
MOTOR 



LOAD 
(circuits Weitel 
in logic f»ar>ftls) 




TEST POINTS 



LEVEL t 
("to Ioqic circuits) 



o o oOo o o o 

g:o O 



oi 




!()i (j SPROCKET HOLES OW TAPE 



LEVEL HOLES OK) TAPE 

L1(tHT OiJ SPROCKET PHOTO-DIODE 

LIGHT OM LEVEL PHOTo-DIODE 



_* mm. J 

J -80VOH*»*)j ' 

I LEVEL OUTPUT Tb LOQIC PANELS 



PHOTO -TAPE 
READER 

&ISD 
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INPUT-OUTPUT CODES 



INPUT 



OUTPUT 



CHARACTER 

or 
FUNCTION 


CODE 

levt 

5 ii 3 2 1 





1 





1 


1 


1 


2 


1 


10 


3 


1 


11 


U 


1 


10 


5 


1 


10 1 


6 


1 


110 


7 


1 


111 


8 


1 


10 


9 


1 


10 1 


u 


1 


10 10 


V 


110 11 


w 


1110 


X 


1 


110 1 


y 


1 


1110 


z 


1 


1111 



Space 





Minus 


1 


CR 


10 


Tab 


11 


-End (Stop) 


10 


Reload / 


10 1 


Period 


110 


Wait 


111 



RE— 
ACTION 


ORIGIN 


Paper 
tape 


Type- 
writer 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 

(x) 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 
X 


X 


X 


X 





TO SLO 
OUTPUT 


REACTION 


Paper 
tape 


Type- 
writer 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


(x) 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 




X 


X 


X 


X 


X 





IN-OUT 

Mag* or 
hi* sp* 
punch 

x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
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5 4 3 2 
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IWPDT LEVELS 



-for tentfftt of SLOW OUT* 
system ony. 

(Mote: * terms allow Ki ^>eed of>.) 



-I NPUT- ~| 
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W 
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IP 1 
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h> 










HI 






si 
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SLOW OUT FORMAT 



Format Characters 



Character 


Symbol 


Code 


Digit 


D 


000 


Sign 


S 


100 


Carriage ret. 


CE 


010 


Tab 


T 


110 


End (Stop) 


£ 


001 


Reload 


E 


101 


Period 


P 


Oil 


Wait 


W 


111 



Standard Formats 

AR to output: SDDDDDDDCEE 

SDDDDDDDCRE 
100 000 000 000 000 000 000 000 010 001 

Hex. for inputt 8000001* 8000000 0000000 0000000 /s 

Words - 3 of Line 3 are used for storage of AR format. 
Highest order format bit should be in T29 of Word 3. 

LINE 19 to output: SDDDDDDDTSDDDDDDDTSDDDDDDDTSDDDUDD1) (CR) E 

Hex. for input r 800000x 0000031* 00000x0 0000110 /s 

Words - 3 of Line 2 are used for storage of Line 19 format. 
Highest order format bit should be T29 of Word 3. 

Maximum number of format characters per format ■ 38 
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M t 



OOoOOO 



if 
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S 
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t 
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I 




"■J 


c 


X 


? 


$ 


N 




fc 


If 


* 


* 





Vi 


? 


^ 






$ 




* 


^ 


U4 


i 




Jk. 


Ql 


«t 


1 


i 


! 




* 




v> 


v> 


^ 


?i 


s 


S 


1 


1 




K 


X 


*> 


(r 


k 


<> 


u 


VJ 


* 


J 


V 


*> 



i 



I 

I* 



El 
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TYPEWRITER OUTPUTS 

r- Levees -^ 
<F-B> 5 3 S I 

i I III 



To OUTPUT MEDIA 




3rJ 
lev. 



lev. 



1st 
lev. 



Or 



PUNCH PULS£ 
TYPE PULSE 



stow out • (oce «oci -t- oca • <MAN pumch>) • OG 
TYpe-ocI OD .OE*c 



- CARD PJWCH PULSE - SLOW OUT- OC 2-0C1 



. OD • OS • OY 



^£e4- )&B3 J&B2 ^Bl 



\* — oCt - /tr 
s ^M^ot vt; 



RESETS 

08S> 



-SLOW 0L»T 

-oe<i 



SLOW OUT 

0E<| 



Q Q Q Q. 



^ 



+ 
REAP/ ■+■ 



n«3* Car) 



neg.(aio7) *{ C— ~ 



*\t®= 



IV 



-Lstop3 0B <] 

-Ew*iTj 0F <J 



•-SLQW OlH" 

J*-© ore °p >, 



los 







[P!(j + WMT]oF 



^^r 



9 PULSE DELAY u 




3132 PULSE DELAY 



MI9> 



'^ 




-Lskjn]^^ 




-tWAITJ 0F <^| 



-[C^TAB3 0F <^| 



[digit +wait+ch+tab] of \\ 

IS] (* R ^ 
°.s?r WmW 



- SLOW OUT 

«-oz (woo)O' 



■ ■ — OE<l 



QiYPL^ 1 

^-^ Ciooo.ioo^orioninoc's) 




f convert 

(f\R FORMAT) (MR FORMAT) STQP -hj RELOAD) 

r^ 3^" 3^7 r cm)9)^o 



slow our 

OCI 
0C2 



y-t- 



/folSto\ 

\ OUTPUT/ 



- SLOW OUT | 
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«« RESET 
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© 
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• n 




n 


© n 
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n 




, 
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* OY- OE 




og r 




!" 



Color kt 



| ~~| TIMING 

(J I feedback) 



[ j format 



I 1 AR 



| | DATA E"XTRACTlOKJ 
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H 
S3 
P. 
H 

S3 


H 
S3 

H 
S3 



H 

S3 

H 
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Sug 
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S3^ 
Pi 
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PL, 

H 

S3 



t 

CO 


H 
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([S<Jb]-»-3l) (MA$7ftP£ write") &sT our ttTov7 -vthen: -*-- 

— Jj- — > sets OCs to OOOI . This yields: 0C4^ 0C3, OCZ ) oc^ 0C+ OC'3^ and 0C2 OCI 
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